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Effects of Management, Strain and Truck Shipment on 
Albumen Quality of Eggs1 
J. L. ADAMS AND J. L. SKINNER 
University of Nebraska, Lincoln 
(Received for publication January 28, 1963) 
VERY little has been reported on changes in quality of eggs during 
shipment. Gwin (1952) reported a study 
involving more than a billion eggs pur-
chased by the Armed Forces of the United 
States. U. S. Grades were determined by 
candling and inspection by trained inspec-
tors from the Army Veterinary Corps and 
the U. S. Department of Agriculture. 
Quality loss was shown to be related to 
time in transit, distance or miles in transit 
and seasonal influences. No data were re-
ported as to the relation of varying physi-
cal conditions during transit or position 
effects within the rail cars. Adams and 
Milam (1960) studied the effects of inter-
national shipping of eggs from Lincoln, 
Nebraska to Rio de Janeiro, Brazil, using 
the Haugh unit score as a measure of in-
ternal quality. In this study eggs were 
transported from Lincoln, Nebraska to 
New Orleans by auto truck and thence to 
Rio de Janeiro by water and stored for 
sampling under refrigeration at the U. S. 
Embassy. When the eggs were 30 days old 
(from date of lay), they were broken and 
Haugh unit scores were determined in Rio 
de Janeiro. Eight strains of birds and 4 
management systems were tested for 
effects on albumen condition. Neither 
strains nor systems of management were 
related to rate of loss of quality in transit. 
The 30 day transit plus storage period re-
sulted in a loss of only 12.2 Haugh units 
1 Published with the approval of the Director as 
paper No. 1334, Journal Series, Nebraska Agri-
cultural Experiment Station. 
which clearly demonstrated the physical 
feasibility of international shipment of 
eggs-
Seventy percent of Nebraska's egg pro-
duction is shipped outside the state to 
market. Although much of this surplus is 
in the form of processed eggs, a consider-
able quantity of shell eggs goes to distant 
markets. The present experiment was de-
signed to gain information on the effects of 
transportation on Nebraska eggs using 
the Haugh unit as a quality criterion. 
Shipment from Lincoln to Hastings, Ne-
braska to Tucson, Arizona, was considered 
in this study. 
EXPERIMENTAL 
Eggs from six strains of hens at 15 
months of age and five houses on the uni-
versity poultry plant were collected for 
eight days (the first four and last four 
days of a 10 day period) and held under 
refrigeration. 
To indicate the age of eggs and the point 
in time within the experiment, the num-
ber of the day from the 1st day of the pro-
duction period was used. Eggs were saved 
on days 1-4 and 7-10 beginning with Sep-
tember 5th, 1961. On day 15, for example, 
the oldest eggs would be 15 days old, but 
the eggs laid on day 10 would be 5 days 
old. In most instances, the commercial 
strains involved represented the most 
popular egg-production line offered by 
that breeder commercially. The five 
houses, although all located on the Uni-
versity Poultry Farm, varied widely as to 
housing density and floor type; the gen-
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TABLE 1.—Description of the houses in the management systems contributing to the egg transport study 
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Flues and windows 
Flues and windows 





Slats with "Lagoon" 
Litter+pit 
* Equal numbers from each of six strains were used in each unit. The six strains consisted of five well 
known commercial strains and the Cornell randombred strain. 
eral features of each house are outlined in 
Table 1. 
The eggs produced in the 10 day period 
were sorted on the eleventh day (from the 
date of 1st day's production) so that the 
production of each hen was allocated to 
one of the three sample breakouts (Lin-
coln, Hastings or Tucson). Further effort 
was made at this time to systematically 
distribute eggs from each strain, house 
and date of lay so that all flats in all egg 
cases contained a proportionate sample. 
The Lincoln and Hastings sample break-
outs occurred on the 14th and 15th days 
and were made simultaneously. Albumen 
condition as measured by Haugh units was 
determined as described in detail by 
Brant and Shrader (1952). 
Statistical Treatment of Data. In the 
analysis of variance the sums of squares 
for Houses, Strains and the House X 
Strain interaction were computed from 
house-strain means. The error sums of 
squares were computed by dividing the 
Birds/Houses/Strains sums of squares by 
the harmonic mean of the number of birds 
in a house-strain subclass. On a per bird 
basis, the error standard deviation for 
Haugh units was approximately 10. 
House No. 2 and Strains 1 & 7 were omit-
ted from the comparisons of Houses, 
Strains, and Houses X Strains because 
House No. 2 did not contain all strains and 
Strains 1 & 7 did not occur in all houses. 
They were, however, allowed to contri-
bute to the degrees of freedom and sums 
of squares for birds/houses/strains since 
it was deemed that birds of similar strains 
in similar houses with the same date of 
hatch were valid for use as an estimate of 
error. Since unequal numbers were in-
volved, F-tests were made according to 
Cochran (1951). 
TRANSPORTATION 
The eggs for the Hastings and Tucson 
breakouts were hauled from Lincoln to 
Hastings (100 miles) in a l j ton Ford 
truck with a 13 | foot grain box without 
protection from the sun or any refrigera-
tion. At Hastings, the eggs destined to 
travel on to Tucson were placed under 
refrigeration upon arrival on the 14th day. 
On the 15th day, the nine cases of eggs 
were loaded into the refrigerated semi-
trailer (Trailmobile equipped with Ther-
mo-king refrigeration unit) which de-
parted from Hastings at noon. The truck 
arrived at Tucson at 9:30 a.m. on the 17th 
day, and the experimental eggs were un-
loaded by the authors. After unloading, 
the eggs were placed in refrigeration and 
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breaking started at 1:00 p.m. At 11:30 
p.m. breaking was terminated for the 
seventeenth day and begun again at 6:00 
a.m. on the eighteenth day when it was 
completed by 4:00 p.m. During the break-
ing process the cases were removed from 
refrigeration at random, two cases (one for 
each operator) at a time. 
RESULTS AND DISCUSSION 
Rouse Effects. Table 1 outlines the gen-
eral characteristics of the five houses and 
shows that a wide range of management 
conditions were represented. Only the 
"initial" (Location A) and "combined" 
scores for houses were significantly differ-
ent (Tables 2 and 3). The ensuing decline 
due to shipment (Location A vs. B) and 
shipment plus age (Location C vs. B) 
seemed to affect the highest quality house 































































A B C A B C 
2 68.4 66.4 65.1 64.0 62.6 61.1 
3 59.1 53.1 56.9 60.2 61.5 57.4 
4 66.7 67.9 66.0 71.5 71.5 67.9 
5 69.6 67.7 65.3 66.9 65.2 66.0 
6 71.9 70.4 69.0 75.8 74.0 71.4 
8 70.3 68.4 67.0 68.8 64.2 67.0 
Mean 67.8 65.6 64.9 67.9 66.5 65.1 
N 212 148 289 191 138 267 
* A Lincoln, Nebraska. 
B Hastings, Nebraska. 
C Tucson, Arizona. 
more than the others, thus decreasing the 
variation between houses to the point of 
no significant difference (Table 3). It is 
believed that chronic respiratory dis-
ease may have contributed to unit differ-
ences by being triggered by stresses im-
posed by certain units. 
Strain Effects. If the hypothesis of dif-
ferent stress levels peculiar to units is as-
sumed valid, it can be carried further to 
include different levels of resistance for 
"strains." Table 2 gives the Haugh unit 
scores for the six strains, five houses and 
three breakout locations. "Strains" show 
a wider variation in Haugh units than was 
the case with houses. This strain differ-
ence remained significant at all locations, 
i.e. the decline due to time and transport 
conditions did not erase these initial 
differences between strains as was the case 
strains broken at 3 locations from five houses 
4 
C 
70.7 61.5 66.9 
71.0 67.2 61.9 
75.7 74.6 65.1 
71.5 73.7 68.0 
71.1 68.0 67.7 
71.9 67.9 67.4 
72.0 68.8 66.2 
151 94 182 
No. of eggs 














































1,523 1,218 2,207 
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TABLE 3.—Analysis of variance of Haugh unit 
scores of breakouts A, B, C and combined 
Source of variation d.f. M. S. 
* and ** indicate P levels of .05 and .01 respectively. 
1 For explanation of statistical analysis, see Statistical Treat-
ment of data section of text. 
with "houses" (Table 3). Random Sample 
test data reported nationally have repeat-
edly shown that Haugh unit scores of a 
certain level are characteristic of indi-
vidual strains. In general, the ranking of 
strains in this experiment agreed with 
their relative standing in Random Sample 
tests. Only one of the strains was low 
enough in initial quality (60.8 Haugh 
units) that it was in danger of crossing a 
grade line and dropping into the "B 
grade" classification at Tucson where it 
measured 56.7 (Table 2). The eggs of all 
other strains were in the upper half of the 
"A grade" range after being hauled over 
1,200 miles and handled several times in 
sorting even though the average age per 
egg was approximately 14 days. 
Date of Lay. It has been previously ex-
plained that the eight days of lay that 
contributed eggs to this experiment were 
actually two four day periods separated 
by a week end. This gave a ten day spread 
in age of egg at the breakout location. The 
linear regression of Haugh unit score on 
day laid was -.298 Haugh units per day. 
The ten day holding period thus contribu-
ted a decline of approximately 3 units 
when the effect was considered at all three 
breakout points. Due to the sorting pro-
cedure this effect was evenly distributed 
over houses, strains and other effects 
studied. 
Location and Date of Breakout. The 
effects of time, handling and hauling are 
shown in the decline from 68.3 Haugh 
units for all strains and all houses for 
Breakout A (Lincoln) to 66.4 for B (Has-
tings) and 65.0 for Breakout C (Tucson). 
It will be remembered that the A and B 
Breakouts occurred simultaneously but 
that the B breakout eggs had been hauled 
approximately 100 miles without refriger-
ation. The 1.9 units of decline are then 
due to hauling and the conditions associ-
ated with it, not time. Miles per se do not 
seem to be of prime importance if proper 
conditions of refrigeration are met. This is 
indicated by the fact that another 1,200 
miles and two days of time resulted in 
only 1.4 Haugh units decline. 
Houses XStrains at Location A. It is 
clear that Strain 3 in particular showed 
considerable interaction with unit. This 
strain though significantly lower than all 
other strains when tested over all units 
was average in unit 4. Future work will 
attempt to correlate blood titers and 
diagnosis for pleural-pneumonia-like-or-
ganisms with physical conditions such as 
crowding and chilling which are known to 
produce stresses capable of "triggering" 
outbreaks of latent respiratory disease. 
Case Position Within Truck. The posi-
tions occupied by cases within the truck 
are shown in Figure 1. Attempts were 
made to measure the maximum and mini-
mum temperatures attained by each case 
during transit. There is reason to believe 
that the thermometers used (Taylor, 
Maximum and Minimum registering ther-
mometer No. 5458) were in some cases re-
set to current temperature by impacts im-
parted to the cases by the truck. Enough 
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CASE LOCATION 
1 TOP RI6HT FRONT 
2 TOP LEFT FRONT 
S. TOP CENTER 
A...... OVER LEFT WHEEL 
5. OVER RIGHT WHEEL 
6 LOWER LEFT REAR 
7. UPPER RIGHT REAR 
8 LOWER RIGHT REAR 






FIG. 1. The position of the cases during the Hastings, Nebraska to Tucson, Arizona haul 
(Data in Table 4). 
variation was recorded, however, between 
the positions to show that variation of as 
much as 10°F. existed. Due to the ar-
rangement of the refrigeration unit (Front 
mounted Thermo-King) there was colder 
temperature, more air movement and less 
jarring in the front end of the truck than 
in the overhanging rear area. The right 
rear wheels of the trailer were subjected 
to marginal irregularities in the pavement 
and were often run onto the shoulder and 
probably imparted more impacts to eggs 
positioned above them. There is, how-
ever, no clear-cut association between the 
Haugh units at Location C (Tucson) and 
our data on the physical factors. Tem-
perature, air movement, impact, etc. are 
probably associated with case position. 
The data in Table 4 indicate that the 
differences due to case position observed 
were significant. Plans exist to repeat this 
experiment with better instrumentation 
to measure physical variables. 
SUMMARY 
Interior albumen quality measured as 
Haugh units was studied using the eggs 
from six strains and five systems of man-
agement. Eggs were collected over a ten 
day period and transported 100 miles 
without refrigeration then 1,200 miles in a 
refrigerated commercial egg haulers' semi-
trailer type truck. Significant effects on 
"initial quality" (before transportation) 
were measured due to management, 
strains and management X strain interac-
tion. These effects were significant after 
eggs had been transported to final destina-
tion. There were no indications that de-
cline during shipment was associated with 
management or strain. Case positions 
within the refrigerated semi-trailer egg 
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TABLE 4.—Comparisons1 based on an analysis of least squares constants and "T" tests of Haugh unit 
scores of case positions,1 strains and houses sampled at Tucson, Arizona. (Breakout C) 
Case position within truck 
3 4 9 5 7 2 1 6 8 
Haugh Score3 69.6 69.4 68.8 67.7 67.2 65.4 64.7 64.2 62.8 
Strains 
6 8 4 5 2 3 
Haugh Score 71.3 68.7 68.5 68.1 66.8 57.8 
Houses 
4 3 6 5 1 
Haugh Score 67.7 67.2 66.7 66.4 65.0 
1 Mean Haugh unit scores underlined by the same line are not significantly different at the .05 level of P. 
2 See Figure 1 for diagram of case positions within truck. 
3 Haugh score means for cases, strains and houses have been adjusted for unequal numbers by least 
squares analysis and therefore differ slightly from those of Table 3. 
truck were found to have a significant 
effect on albumen quality at destination. 
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CALIFORNIA NOTES 
Barry W. Wilson (B.A., Chicago; B.S., M.S., 
Illinois Institute of Technology; Ph.D., University 
of California, Los Angeles) was appointed Assistant 
Professor in the Department of Poultry Husbandry, 
University of California, Davis, effective September 
1, 1962. Dr. Wilson is a general physiologist with 
primary interest in cell and tissue culture. His re-
search will be concerned mainly with energetics and 
regulation of growth at the cellular level. 
William F. Rooney, Extension Poultryman, Uni-
versity of California, is on sabbatical leave for 
REFERENCES 
Adams, J. L., and F. M. Milam, 1960, The effect of 
international shipping of shell eggs on internal 
quality. Poultry Sci. 39: 1229. 
Brant, A. W., and H. L. Shrader, 1952. How to 
measure egg I.Q. (internal quality). Bureau of 
Animal Industry, Agri. Res. Adminis. U.S.D.A., 
May 1952. 
Cochran, W. G., 1951. Testing a linear relation 
among variances. Biometrics, 7: 17-32. 
Gwin, J. M., 1952. Quality changes in shell eggs in 
carlot shipments and in storage. University of 
Maryland Agri. Exp. Sta. Bui. A-65. 
1962-63, and is studying toward a Ph.D. degree in 
the Department of Poultry Science at the University 
of Wisconsin. 
Graduate degrees have been awarded to 21 stu-
dents in the Department of Poultry Husbandry at 
the University of California, Davis, in the past two 
years. Of these, 6 received a Ph.D. degree and 15 a 
M.S. degree. The increasing emphasis on graduate 
training for foreign students on the Davis campus is 
reflected in the fact that, of this group, 12 students 
came from countries other than the United States 
or Canada. 
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